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[57) - ABSTRACT |
The invention relates to a polypeptide of the formula

I 2 3 4 5 6 7 8 9 10 @

- H—-(X);n—A— B—~C—Tyr—Thr— Asp— Cys—F—Glu—Ser—

11 12 13 14 15 16 17 18 19 20
—Gly—-GIn—Asn—Leu—Cys-Leu--Cys-*Glu-Gly—Ser— |

21 22 23 24 25 26 - 27 28 29
= Asn—Val~—Cys==Gly=~J—Gly—Asn—Lys=Cys—

30 31 032 933 34 35 36 37 38 39 40

- = le=Leu~Gly—Ser—Asp—Gly—D=—G—Asn—GIln— Cys—

41 42 43 44 45 46 47 48 49
—-Val—Thr—Gly—Glu-—Gly—-Thr—-Pro—Lys-—Pro—-

50 51 52 53 54 55 56 57 58 59 60
~-Gln~~Ser—His—Asn—Asp~—Gly—Asp—Phe—Glu—E—Ile—

61 62 63 64 65 66
—Pro—Glu~—Glu~Tyr(R)—I—Gin—(Z),—OH

in which R represents phenoloic hydrogen or a pheno-
licester groupandm,n, X, Z, A, B,C, D, E,_, F, G, 1 and
J have the meanings given, and in which the 6 Cys

radicals are linked in pairs via disulfide bridges, pro-
cesses for the preparation or isolation thereof their use
and agents contalmng them. | |

10 Claims, 9 Drawing Sheets
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4

NOVEL POLYPEPTIDES WITH A BLOOD
COAGULATION-INHIBITING ACTION,
' PROCESSES FOR THEIR PREPARATION AND
ISOLATION, THEIR USE AND AGENTS

- CONTAINING THEM

Anticoagulants are used in the prophylax1s and ther— |
apy of thromboembolic processes; their main field of
~use here is, in particular, venous thromboembolisms. 10

- Anticoagulants are furthermore required for the prepa-

ration of conserved blood. Derivatives of 4-hydrox-
ycoumarin or of 1,4-indanedione which are used, for
example, for this purpose have a number of dlsadvan-
tages, in spite of extensive optumzatlon

It is therefore desirable, especially in human medi-
cine, to have available blood coagulation inhibitors
which have a low toxicity and few side effects and
~which do not cause stress to the diseased organism
because of their metabolism.

Apart from the endogenous inhibitors in the plasma,
- such as antithrombin III, many other proteins, such as,
- for example, the Kunitz inhibitor obtained from soy-
bean, also have a blood coagulation-inhibiting action.
This inhibitor blocks the blood coagulation cascade by 25
inhibition of activated factor X, but the specificity of
the inhibitor is so low that many side effects develop:
inhibition of plasma kallikrein, of plasmin and of tryp-
sin, so that therapeutic uses are excluded. Other active

15

20

have also been unable to achieve nnportance because of

a lack of specificity. |
Hirudin, a polypeptide obtained from Hirudo medici-

nalis, in contrast shows a specific antithrombin activity.

The elaborate process for its isolation and purification 35

has hitherto had adverse effects on its use in practice.
It has now been found that highly active polypeptldes
- of the formula I can be isolated from leeches.
The invention therefore relates to polypeptldes of the
formula I 40

1 2 3 4 5 6 7 8 9 10 0
- H—=X)m=A—B—C~—Tyr—Thr—Asp=-Cys—F=--Glu—Ser~

112 13 1% 15 16 17 18 19 20
~—Gly=Gln=Asn—Leu~=Cys~~Leu=—Cys=—Glu=Gly—Ser=-

21 22 23 24 2526 27 28 29
—Asn—Val—=Cys—Gly~=J—Gly—Asn—Lys—Cys~~

30 31 32 33 34 35 36 37 38 39 40

| | 30
-—Ile—_Leuf-Gly—Ser—AsP-Gly—D—G-—Asn—Gln—Cys—

41 42 43 44 45 46 4T 48 49
—Val=-Thr—Gly=—Glu~~Gly—Thr-—Pro~—Lys~—Pro-—

SO 51 52 53 54 S5 S6 57 58 59 60

—Gln=Ser—~His—Asn=Asp—Gly—Asp—Phe—Glu—E—Ile— ?

61 62 63 64 65 66

—Pro—Glu~Glu—Tyr(R)=~I—Gln—(Z),~0OH
in which 60
m=0-50,
n=0-100 and
" R denotes phenolic hydrogen or a phenohc ester group,
X represents. identical or different radicals of naturally
- occurring a-amino acids,
Z represents identical or different radicals of naturally
~occurring a-amino acids and
A represents Ile or the absence of an amino ac1d

4 791 100

. m=2Zero,

45

65

2

B represents Ile or Thr or the absence of an annno acid,

- C denotes Thr, Val, Ile, Leu or Phe,

D denotes Glu or the absence of an amino acid,

'E denotes Glu or Pro,

'F denotes Thr or Ile, |
- G denotes Lys or Lys-Asp and

I denotes Ala or Leu and

J denotes Gln or Lys |

1in which the 6 Cys radicals are linked in pairs via disul-

fide bridges, and physiologically acceptable salts
thereof.

- The three disulfide bridges are preferably between

- the Cys radicals in positions 7 and 15, 17 and 29 and 23

and 40. o |
Naturally occurring a-amino acids are, in particular,
Gly, Ala, Ser, Thr; Val, Leu, Ile, Asp, Asn, Glu, Gin,
Cys, Met, Arg, Lys, Hyl, Orn, C1t Tyr, Phe, Trp, His,
Pro and Hyp.
R preferably denotes hydrogen, SO3H or PO3Hy;

" hydrogen is partlcularly preferred.

Possible salts are, in particular, alkali metal and alka-
line earth metal salts, salts with physiologically accept-
able amines and salts with physiologically acceptable
acids, such as HCl, HSOq4, maleic acid or acetic acid.

Preferred polypeptides of the formula I are those in
which C represents Thr; and furthermore those in
which C represents Thr and A represents Ile. Particu-
larly suitable peptides are those where

y A=lle, B=Thr, C=Thr, D=Glu, E=Glu, F=Thr,
compounds, such as the Ascaris or Kazals inhibitor, 30 © B > e u r

- G=Lys, I=Leu, J=GIln,
R=H or SO3H; N

m=zero, n=zero, R=H or SOzH, A Ile, B=direct

- bond, C=Thr, D=Glu, E=Glu, F—Thr G Lys,
I=Leuand J=Gln;

m=2zero; n=zero; R=H or SO3H, A=Ile, B=direct
bond, C=Thr, D=Glu, E=Glu, F=lle, G= Lys
I=Leu and J=Gln;

n=zero, R=H or SO3H, A=Ile, B—-dlrect |
bond, C=Thr, D=Glu, E=Pro, F=Thr, G= Lys
I=Leu and J=Gln;

m=zero, n=zero, R=H or SO3H, A Ile, B=direct
bond, C=Thr, D=Glu, E=Pro, F=Ile, G=Lys,
I=Leu and J=Gln;

m=2zero, n=zero, R=H or SO3H, A=direct bond,

B=direct bond, C=Thr, D=direct bond, E=Glu,

F= Thr G=Lys, I=Leu and J=Gln;
=[le, B=direct bond, C=Thr, D--drrect bond, E=-

-Gly, F=lIle, G= Lys-AsP,I Ala, J=Lys, m= Zer0,

n=zero and R= =S03H;

A =Ile, B=direct bond, C=Thr, D=direct bond E=-
Glu, F=Ile, G=Lys-Asp, I= Ala J= Lys m=Z€ero,
n=zero and R=hydrogen.

- The invention also relates to the novel biolo glcally
active peptidic cleavage products which are obtained
by chemical or enzymatic cleavage of these polypep-

m=2z€ro, n=zero and

A=

 tides.

The invention furthermore relates to a process for
1solating a purified polypeptide of the abovementioned
formula, which comprises isolating the polypeptide
from worms of the phylum Annelida with the aid of a
combination of extraction methods, precipitation meth-
ods, membrane filtration and/or chromatographic
methods, if desired splitting off any phenolic ester
group R which may be present by hydrolysis, to form
the phenolic hydroxyl group, and, if appropriate, con-
verting the resulting peptlde Into its physrologleally
acceptable salts. |
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The polypeptide ispreferably isolated from the cervi-
cal glands of worms of the class Hirudinea, in particular
from those of the order Gnathobdellida. The genuses
Hirudo, Gnathobdella, Haemadipsa and Philaemon are
preferred. Hirudo medicinalis is particularly preferred.
In addition to the cervical glands of the leech, its front
body region or the entire leech can also be used.

A process for isolation of a crude extract from
leeches is described in Enzymology, Volume 5 “Hiru-
din as an Inhibitor of Thrombin™. A purification process
for hirudin is known from Bull. Soc. Chim. Biol. 45
(1963) 55.

In the process according to the invention, a combina-
tion of precipitation methods and of gel permeation
chromatography or ultrafiltration, affinity chromatog-
raphy and of high-resolution partition chromatography
on “‘reverse phase” material and chromatography on
silica gel or aluminum oxide has proved particularly
useful. Depending on the nature of the crude extract,
Jhowever, other chromatography processes can also
advantageously be used (if necessary also in combina-
tion with the abovementioned process), such as, for
example, cation or anion exchange chromatography
and chromatography on non-specific absorbents, in
particular hydroxyapatite.

In order to isolate a crude extract suitable for chro-
matography, the leeches can be worked up in the man-
ner described by Bagdy et al. Methods of Enzymology
45 [1976] 669-678. However, it is also possible, for ex-
ample, to comminute the head portions of the leech in
the frozen state and extract them by means of an aque-
ous buffer solution (for example phosphate buffer). The
insoluble material is removed, for example, by brief
centrifugation or by filtration through gauze and the
polypeptide is separated off from the resulting extract
and 1solated. It is advantageous to heat this extract rap-
idly to 70° to 90° C., because most of the proteolytic
enzymes are thereby denatured and precipitate, and can
then be separated off, for example by centrifugation.
The protein fraction is isolated from the extract contain-
ing the peptide according to the invention, for example
by precipitation by adding the extract to a water-misci-
ble organic solvent. Acetone, for example, can be em-
ployed in an amount of several times the volume of
extract, preferably in about 10 times the amount, precip-
itation being carried out at low temperatures, usually at
0° to —40° C,, preferably at about —20° C.

Another possibility of carrying out the precipitation
is the addition of salts, such as, for example, ammonium
sulfate. By controlling the pH, precipitation achieves a
certain selectivity. The peptides according to the inven-
tion, which have isoelectric points of 3.5-4, can be pre-

10
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cipitated in the pH range between 3 and 5, preferably at -

about 4, by addition of ammonium sulfate up to a con-
centration of about 50%, a large number of concomitant
proteins thereby remaining in solution. This precipita-
tion is also carried out with cooling at about —5° to
+15° C., preferably between 0° and +4° C.

Higher molecular weight proteins can be separated
off from this crude extract, for example, by ultrafiltra-
tion or by gel permeation chromatography. In the case
of larger batches, ultrafiltration can be carried out, for
example, in two stages: a capillary membrane with an
exclusion limit of 50,000 daltons is used in the first stage
and a flat membrane with an exclusion limit of 10,000
daltons 1s then used in the second stage. Rapid removal
of higher molecular weight material which would pre-
vent flow through the selectively operating flat mem-

>3
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brane is achieved with the aid of the capillary mem-
brane. In the case of small amounts, it is also possible to
dispense with the first ultrafiltration stage.

Purification of the crude extract can also be carried
out by means of ion exchange chromatography, for
example on DEAE-®Sephadex, in the manner de-
scribed by Markwardt, Walsmann, Hoppe-Seyler’s Z.
Physiol. Chem. 348 [1967] 1381-1386.

The material thus obtained consists of a mixture of
thrombin inhibitors according to the invention and
other polypeptides. A preferred process for isolating
the inhibitors of the formula I where R=H or SO3;H
comprises separating the thrombin inhibitors, on the
basis of their complexing properties with carrier-bound
thrombin, from products which do not form complexes
with thrombin. The fractions which have been obtained
on the basis of their thrombin affinity can in turn be
separated 1nto individual components by a second high-
resolution chromatographic system. The inhibitors of
the formula I are thus isolated. It has proved particu-
larly suitable to use thrombin-Sepharose for affinity
chromatography. Thrombin-Sepharose was prepared
by the Brosstad process (Thrombos Res. II, 119, 1977).

For the separation, thrombin-Sepharose is poured
into a column with a suitable buffer, such as, for exam-
ple, 0.1M N-methylmorpholine acetate buffer, pH 8.0,
or Tris/HC, 0.1M, pH 8.5. After equilibration of the
column, the mixture from the precipitation is dissolved
in the same buffer and applied to the column. The pep-
tides which have no thrombin affinity are removed by
washing with the buffer. Thereafter, the thrombin/th-
rombin inhibitor complex is resolved by washing the
column with a buffer of 0.5-2M benzamidine or 4-
amino-benzamidine in 0.1M N-methylmorpholine ace-
tate, pH 8.0. The various active fractions are pooled
together and salts are removed by customary gel perme-

ation chromatography on Sephadex G 25 with 0.05M
N-methylmorpholine acetate, pH 8.0.

The various thrombin inhibitors are separated from
one another by high-resolution chromatographic pro-
cesses. High performance liquid chromatography has
proved particularly suitable for this.

Due to the high resolution capacity of high perfor-
mance liquid chromatography technology, it is possible
to separate the inhibitors of the formula I from one
another and from small amounts of concomitant protein
and to prepare them in a pure form.

Derivatized silica gels of suitable particle size (for
example between 3 and 20 um) have proved advanta-
geous for the stationary phase. In addition to the widely
used octadecylsilane radicals, a large number of other
silane radicals or mixtures thereof, such as silane radi-
cals with lower alkyl, phenylalkyl or amino-substituted
alkyl are suitable for derivatization of the silica gel, the
latter radicals offering a certain combination of ion
exchange and “reverse phase” chromatography. Sepa-
ratton columns 5 to 25 cm long and 3 to 10 mm in diame-
ter, for example, can be used. Possible buffered eluting
agents are all the secondary or tertiary mixtures of
water and organic solvents of suitable lipophilicity,
such as, for example, lower alcohols, ketones, nitriles,
ethers, acid, amines, glycol ethers, amides and deriva-
tives thereof. Organic and inorganic salts or other types
of additives can be used as the buffer substance. The
elution is advantageously carried out at a pH between 2
and 8.

The use of volatile buffer substances, such as ammo-
nium acetate or ammonium bicarbonate, enables the



. Cysteine’

- Tyrosine

S

inhibitors to be isolated from the eluate by simple.
- freeze-drying. -
-A sulfate monoester group R in position 64 can be

.Spllt off by acid catalysis or enzymatically with the aid
- J

- of an arylsulfatase, in a manner analogous to. that de-

' ~.scribed in German Pat. No.. A-3,342,139.

| The polypeptides of the formula I accordlng to the' o
. invention are colorless and soluble in water and in aque-.

4,791,100

- ous buffers, manifest themselves as homogeneous in

- polyacrylamide electrophoresis and have isoelectric

lan, Academic Press, New York, London 1963) the

- - values shown in Table 1 are found.

TABLE 1
vV

vn Vi IX
10

| S ¢ i1l
- Aspartic acid -
 Threonine
Serine |
Glutamic acid 1
Proline
- Glycine
Valine

VI

WO
La

9
4
4
12

CmW=RNAELANY SN HE WD

O e B B N O W HHD

O ot 0 e N PN D W W PO
. e

Jorwe=RNampaNnOwWNe &L o
g -

|-~ —vwuponvow=n

- Isoleucine
- Leucine

Phenylalamne |
Lysine
- Histidine
Alanine

4
9
p
6
4
4
s
1
3
1
0

IXis obtained by desulfation of VII.

- The invention furthermore relates to a process for the -'
~ preparation of a polypeptlde of the abovementloned
~ formula I, which comprises - -

(a) preparing it by means of solid phase synthesm ina
manner which is known per se or

(b) to prepare a polypeptide in which m is 0,
1. subjecting hirudin to Edman degradation twice,

I1. reacting the resulting peptide with an active ester.

of an amino acid or of a peptide of the formula

U—(X)m—A—B—~C—OH

in which m, X, A, B and C are as defined aboveand

U represents a urethane protective group which is
unstable to acids or bases,

.30

| 10

- points of 3.5 to 4 (determined by isoelectric focussing).
If the amino acid composition is determined by the
. method of Moore and Stein (Methods of Enzymology
~ Volume VI, 819-831, published by Rolovick and Kap-

15"

- -the known urethane proteetwe groups, such as ben-

zyloxycarbonyl(Z),
| nltroearbobenzoxy,
| and the like.

6

;ylca'rbodiimide Removal of the protection and addition -
of further amino acids 1S oontmued until the desared R
- sequence is achieved.

The choice -of protective groups depends on the
amlno acids and coupling methods. |
- Possible amino-protective - groups are, for example,-

p-methoxycarbobenzoxy, p-

- The Boc group is preferred, since it can be spht off

| 'under relatively mild conditions (for example with tri- = -
fluoroacetic acid or HC! in organic solvents). |

Threonme can be blocked as the benzyi ether, and the )

e-amino group of lysine can be blocked as the Z deriva- E

tive.

- These two protective g_roupS- are largely resistant -
towards the reagents for splitting off the Boc groupand =
20 tion catalyst (Pd/active eharcoal) or, for example w1th L
sodium in liquid ammonia.

can be removed hydrogenolytically with a hydrogena-

The protected peptide can be removed from the resin

- with, for example, hydrazine. The hydrazide is thereby -
A -acid with, for example, N-bromosuccinimide in accor- =~
dance with the method of Int. J. Pept. Prot. Research 17 =~

formed, arid can be converted into the free carboxylic

- (1981) 6~11. If necessary, the disulfide bridges must be

- - closed oxidatively (cf. Konig, Geiger, Perspectives in
- Peptide Chemistry, Karger Basel pages 31-44).

In process variant (b), hirudin is subjected to Edman

- ;degtadation twice, this polypeptide being reacted with

an isothiocyanate, preferably phenyl isothiocyanate, in

5 ~ a suitable buffer solution, such as pyridine/water or .

35 dioxane/water, if appropriate with the addition of a =~

base, such as dimethylbenzylamine (DMBA), dime-

- thylallylamine (DMAA) or triethylamine, preferably at

~ about 50° C. and at a pH of 8-9. After removal of the .

40

excess buffer and the excess phenyl isothiocyanate, the
N-terminal valine is split off as phenylthiazolinone by

- treatment with an acid (heptafluorobutyric acid or tri-
- fluoroacetic acid) at 50° C. for 10 minutes. This reaction

45

II1. splitting off the phenylthlocarbamoyl group on

the e-amino group of Lys by means of hydrazine
IV. and the urethane protective group U w1th the aid
-of an acid or base and |
if appropriate, converting the polypeptlde obtained
by (a) or (b) into its physiologically acceptable salt.
In the solid phase synthesis (in this context, cf. Ather-
ton, Sheppard, Perspectives in Peptide Chemistry,
- Karger Basel 1981, pages 101-117), an OH-protective
~ group for Thr can as a rule be dlspensed with. |
~ The polypeptide of the formula I is synthesized, for
example, stepwise on hydroxymethylated polystyrene
resin. The polystyrene is crosslinked with, for example,

1% of divinylbenzene. It is usually in the form of small

beads.

The amino acids are used with N-terminal protection.
The first N-protected amino acid is attached to the
carrier by ester formation. After removal of the amino-

50

93

60

sequence 1s repeated for the cleavage of the second
valine on the N-terminus.

The de-(Val)z-hirudin derivative obtained in this
manner is rea’cted with an active ester of an amino acid
or of peptide of the formula U—(X-
)m—A——B—C—OH p-NltrOphenyl- cyanomethyl- or
N-hydroxyphthalimide or, in particular, N-hydroxysuc-
cinimide esters, for example, are suitable. Suitable ure- -
thane protective groups U are those which can be split
off under acid or alkaline condittons, such as, for exam-
ple, Boc or Msc. If necessary, any groups present in the
side chains of B and C can also be temporarily protected
by suitable protective groups. |

The protected precursor of the polypeptlde of the

formula I (m=0) which is obtained in this manner is

treated with hydrazine hydrate in a suitable solvent,

- such as a lower alcohol or a mixture thereof with water,

to split off the phenylthlocarbamoyl group on the ly-
sine.

The remaining protectwe group(s) iIs/are now also

- split off from this polypeptide in a suitable manner (Boc
- with, for example, trifluoroacetic acid, Msc with a

63

- protective group, the next N-protected amino acid is

attached using a coupling reagent, such as dicyclohex-

base), and the polypeptlde of the formula I aecordlng to
the invention is thus obtained.
The polypeptides according to the invention are spe-

cific stomhlometnc 1nh1b1tors of thrombin. Quantltatwe

_- -butyloxyearbonyl(Boe) Fmoc:_ T
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measurement of the thrombin inhibition by the inhibi-
tors according to the invention has shown that the
thrombin inhibitor/thrombin complex is virtually undis-
sociated. The activity and thus the degree of purity of
the polypeptides according to the invention can be
determined with the aid of this measurement method
during working up and purification. These polypeptides
of the abovementioned formula I thus purified can have
a thrombin inhibition of more than 10,000 antithrombin
units/mg and hence exceed that of conventional hiru-
din. These compounds of the formula I with free pheno-
lic hydrogen in position 64 are as a rule even more
active In vivo.

The invention therefore also relates to the use of
polypeptides of the formula I in whichm, n, R, X, Z, A,
B, C D, E F, G, J and I have the abovementioned
meaning as blood coagulation inhibitors for use in the
therapy of thromboembolic processes, and to the use
thereof as diagnostic aids and reagents.

The invention furthermore relates to agents which
contain a polypeptide of the formula I or a peptidic
cleavage product thereof in a pharmaceutically accept-
able excipient. |

The compounds according to the invention can be
administered parenterally or topically in a correspond-
ing pharmaceutical formulation.

For subcutaneous or intravenous administration, the
active compounds or physiologically acceptable salts
thereof are dissolved, suspended or emulsified, if appro-
priate with the substances customary for this, such as
solubilizing agents, emulsifiers, isotonicity agents, pre-
servatives or other auxiliaries. Possible solvents for the
novel active compounds and the corresponding physio-
logically acceptable salts are, for example: water, physi-
ological sodium chloride solutions or alcohols, for ex-
ample ethanol, propanediol or glycerol, and in addition

also sugar solutions, such as glucose solutions or manni-
tol solutions, or a mixture of the various solvents men-

tioned. On subcutaneous use, compounds of the formula
I (R=phenolic hydrogen) as a rule have the advantage
of a slower absorption and hence a delayed action.
The topical excipients can be organic or inorganic
compounds. Typical excipients used pharmaceutically
are aqueous solutions which are, for example, buffer
systems or isotonic mixtures of water and water-misci-
ble solvents, such as, for example, alcohols or aryl alco-
hols, oils, polyalkylene glycols, ethylcellulose, carboxy-
methylcellulose, polyvinylpyrrolidone or isopropyl
myristate. Suitable buffer substances are, for example,
sodium borate, sodium phosphate, sodium acetate or
gluconate buffer. The topical use form can also contain
non-toxic auxiliaries, such as, for example, emulsifying
preservatives, crosslinking agents, such as, for example,
polyethylene glycols, and antibacterial compounds.

EXAMPLE 1

Determination of the inhibitor concentration by throm-
bin titration

200 ul of sodium bicarbonate solution (pH=7.0;
0.5M) are added to 10 to 100 ul of the inhibitor solution
with a previously determined protein content. 0.1 ml of
fibrinogen solution (0.5-to 1% strength) or dilute citrate
plasma are added; an aliquot (50-100 ul) of the throm-
bin solution is added (about 100 NIH units per ml) at
regular intervals, while stirring, at room temperature.
'The endpoint can be the coagulation of the liquid within
the chosen interval of time for the semi-quantitative
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procedure or turbimetry measurement at 546 nm for
quantitative determination.

EXAMPLE 2

Free-living leeches (not bred animals) of the species
Hirudo medicinalis which have been collected in Ger-
many are used.

About 150-200 g of the front portions of frozen
leeches are homogenized with 2 liters of ice-cold 0.09%
strength aqueous sodium chloride solution and 10 ml of
octanol in a mixer in the course of 3 minutes. After
centrifugation at 0° C. and 10,000 revolutions per min-
ute for 30 minutes, the supernatant is clarified further by
filtration through 2 layers of gauze and then heated to
80° C. in the course of 15 minutes, while stirring. The
precipitate formed is separated off by filtration through
4 layers of gauze. The filtrate is rapidly cooled to 4° C.
by stirring in an ice-bath and is introduced into 7.5 liters
of precooled acetone (—20° C.). A precipitate again
forms, and is filtered off on a glass suction filter after 5
minutes and rinsed with 1 liter of cold acetone (—20°
C.). After drying in vacuo, 520 mg of a pale yellowish
powder with a protein content of 62% (determined by
the Lowry method) are formed.

The antithrombin activity is about 400 units per mg.

EXAMPLE 3

520 mg of powder according to Example 2 are dis-
solved in 75 ml of water, the pH is then brought to 8.0
with SN ammonia and the mixture is stirred at 0°-4° C.
for 1 hour. The undissolved portion is centrifuged down
with a cup centrifuge at 5,000 revolutions per minute in
the course of 30 minutes. After adjusting the protein
content to 25 mg/ml (LLowry) by addition of water, 35
ml of saturated ammonium sulfate solution are added to
the solution and the mixture is stirred at 4° C. for 1 hour.
The first precipitate is separated off rapidly by centrifu-
gation (5,000 revolutions per minute/30 minutes).
About a further 26 g of ammonium sulfate are dissolved
in the supernatant and the pH is brought to 4 with gla-
cial acetic acid. After standing for 5 hours, the entire
suspension 1s centrifuged and the resulting moist precip-
itate is further processed as follows.

EXAMPLE 4

The moist precipitate obtained according to Example
3 1s dissolved in 200 ml of 0.1M ammonium bicarbonate
solution of pH 8 and the solution is subjected to ultrafil-
tration in a 250 ml Amicon ®) cell with a 5SPM 10 flat
membrane (exclusion limit 10,000 daltons). The solution
1s thereby concentrated to about 40 ml, and towards the
end 1s topped up twice with 150 ml of 0.1M ammonium
bicarbonate solution of pH 8.0. Freeze-drying of the
residue gives about 350 mg of material with a protein
content of 89%.

EXAMPLE 5

Thrombin-Sepharose in 0.1M tris buffer (HCI), pH 8,
1s poured into a column (0.9X 15 cm). The substance

- from Example 3 is dissolved in the same buffer and the

65

column is charged with this sample. Inactive concomi-
tant substances are removed by rinsing the column with
the equilibration buffer. Thereafter, the hirudin can be
displaced from the thrombin-hirudin complex with a
solution of benzamidine (1.5M tris buffer, pH 7) or with
4-amino-benzamidine (0.2M tris buffer, pH 7) and is
eluted in portions. To test the antithrombin activity, the
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competitive inhibitor must first be separated from the
hirudin by gel filtration on ®Sephadex G 20.
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Yield in weight: 55%,;
Activity: 6,000 to 12,000 ATU/mg.

EXAMPLE 6
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20 mg of lnhlbltOI' according to Example 3 are dis-

solved in 200 pl of water of pH 2.16 (established with
trifluoroacetic acid+5% of acetonitrile) and the solu-

LT, . 20

- tion 1s injected onto a steel column packed with oc- -
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FEEI P EE

tadecylsilanesilica gel (5 pm) (Shandon ®0DS). The
column is eluted by a gradient of not more than 2% /mi-
nute between the starting buffer (water-pH=2.1645%
of acetonitrile) and acetonitrile. The fractions are col-
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lected individually. After drying, the inhibitors of the
formula I (R=H or SO3H) according to the invention

~ have a specific activity which corresponds to the stoi-
chiometry of a 1:1 complex with thrombin.

EXAMPLE 7

~ (a) The material obtained according to Example 4
was purified on DEAE- ®Sephadex A-25 in the man-
~ ner described by Markwardt, Walsmann, H0ppe-Sey-
ler’s Z. Physiol. Chem. 348 [1967] 1381-1386. 45
(b) 1.1 mg of the protein fraction thus obtained was
| separated by means of high performance liquid chroma-
‘tography on a 25 cmX 4.6 mm ®Bio-Rad (Richmond,
CA) Hi-Pore column packed with C-18 reverse phase
silica gel with a particle size of 5u and a pore width of 50
330 A. 10% of acetonitrile in water with 0.1% of trifluo-
roacetic acid (A)/10% of water in acetonitrile with
0.1% of trifluoroacetic acid (B) was used as the mobile

40
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phase at a gradient rate of A:B of 1%/minute. The
course of the chromatography with respect to time was-
- monitored by detection at 216 nm (see FIG. 1).
- The shaded fractions 1-5 in FIG. 1 were rechromato-
graphed again, the same high performance liquid chro—- 65
- matography system being used.
(c) Rechromatography of fraction 1 (FIG. 2) gave
about 200 ug of a protein, the structure of which was
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10
determined by sequence analysis. It is assigned the fol-
lowing structure:

QNLCLCEGSNVCGQGNK
QCVTGEGTPKPQSHNDGD

(d) Rechromatography of fraction 2 (FIG. 3) gave
about 300 ug of a protein, the structure of which was
determined by sequence- analysis. It is assigned the fol-
lowmg structure:

QNLCLCEGSNVCGQGN
QCVTGEGTPKPQSHNTD
Q.

(e) R'echromatography of fraction 3 (FIG. 4) gave
about 150 ug of a protein, the structure of which was

determined by sequence analysis. It is assigned the fol-
lowing structure: |

QNLCLCEGSNVCGQGNEKC
QCVTGEGTPKPQSHNDGD
Q.. : S

(f) Rechromatography of fraction 4 (FIG. 5) gave

‘about 80 ug of a protein, the structure of which was

determined by sequence analysis. It is asmgned the fol-

| lowmg structure:

GQNLCLCEGSNVCGQGNK
N QCVTGEGTPKPQSHNDG

E S
E K
EYLQ

(g) Rechromatography of fraction 5 (FIG. 6) gave
about 40 ug of a protein, the structure of which has not
yet been determined.

EXAMPLE 8

(a) A material which had been obtained according to
Example 5 by working up commercially available ani-

- mals was used as the starting material and was subjected

to prepurification according to Example 7(a).
(b) 1 mg of the protein fraction thus obtained was
fractionated by means of high performance liquid chro-

matography as in Example 7(b). The shaded fraction in

FIG. 7 was rechromatographed, the conditions bemg
the same, apart from a gradient rate of A:B of 0.89%/mi-
nute (FIG. 8). FIG. 9 shows the chromatogram of the
analytically pure protein thus obtained, which is as-
signed the following structure, determined by sequence
analysis:

| "Three- and one-letter sz' mbols of the amino acids

Amino acid = Abbreviation Amino acid Abbreviation
Alanine Ala (A) ' Proline Pro (P)
Arginine Arg (R) Serine Ser (8)
Cysteine Cys (C)  Threonine Thr (T)
Glycine Gly (G) Tryptophan Trp (W)
Histidine His (H) Tyrosine Tyr (Y)
Isoleucine Ile (D) Valine Val (V)
Leucine Leu (L) Aspartic acid Asp. (D)
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-continued

Three- and one-letter symbols of the amino acids

Amino acid Abbreviation Amino acid Abbreviation
Lysine Lys (I) Asparagine Asn (N)
Methionine Met (M) Glutamic acid Glu (E)
Phenylalanine Phe (F) Glutamine Gln (Q)
We claim:
1. A polypeptide of the formula I
1 2 3 4 5 6 7 8 9 10 11 (I)

H—A—B~C~Tyr—Thr—Asp—Cys=—F-—Glu—Ser—Gly—

12 13 14 15 16 17 18 19 20 21
—Glin=—Asn--Leu—Cys=—Leu=—Cys—Glu—Gly—Ser-—~Asn—

22 23 24 2526 27 28 29 30 31
—Val—Cys—Gly=J—Gly—Asn—Lys—Cys—Ile—Leu—

32 33 34 35 36 37 38 39 40 41
—Gly—Ser—Asp—Gly—D~-G—Asn—Gln—Cys—Val—

42 43 4 45 46 47 48 49 50 51
—Thr—Gly—Glu—~Gly=—Thr—Pro—Lys=—Pro—Gln~— Ser—

52 53 54 55 56 57 58 59 60 6l
—His— Asn=Asp—Gly—Asp-—Phe—Glu=—E—Ile—Pro—

62 63 64 65 66
—Glu~—Glu—Tyr(R)=I—GIln—0OH

wherein

R represents a phenolic hydrogen or a phenolic ester
group,

A represents lle or the absence of an amino acid,

B represents lie or Thr, or the absence of an amino
acid,

C represents Thr, Val, Ile, Leu or Phe,

D represents Glu or the absence of an amino acid,

E represents Glu or Pro,

F represents Thr or Ile,

G represents Lys or Lys-Asp,

I represents Ala or Leu and

J represents Gln or Lys,
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provided that when A and B represent the absence of an
amino acid, D represents the absence of an amino acid,
E represents Pro, F represents Ile, G represents Lys-
Asp, I represents Ala, or J represents Lys and wherein

7 15 17 29 23 40
Cys and Cys, Cys, and Cys, and Cys and Cys

are linked 1n pairs via disulfide bridges, or a physiologi-
cally acceptable salt thereof.

2. A polypeptide as claimed in claim 1, in which C is
Thr.

3. A polypeptide as claimed in claim 2, in which A is
Ile.

4. A compound as claimed in claim 1, in which R
denotes hydrogen, SO3sH or PO3;H,.

5. A compound as claimed in claim 1, in which R
represents SO3H. |

6. A compound as claimed in claim 1, in which R
represents phenolic hydrogen.

7. A method for the prophylaxis and therapy of
thromboembolic processes, which comprises adminis-
tering to a mammal a pharmacologically active amount
of a polypeptide of the formula I as claimed in claim 1
or a physiologically acceptable salt thereof.

8. A pharmaceutical formulation for the prophylaxis
and therapy of thromboembolic processes comprising a
pharmacologically active amount of a polypeptide of
the formula (I) as claimed in claim 1 or a physiologically
acceptable salt thereof and a physiologically acceptable
excipient.

9. A method for the prophylaxis and therapy of
thromboembolic processes, which comprises adminis-
tering to a mammal a pharmacologically active amount
of a polypeptide of the formula I as claimed in claim 1
or a physiologically acceptable salt thereof.

10. A pharmaceutical formulation for the prophylaxis
and therapy of thromboembolic processes comprising a
pharmacologically active amount of a polypeptide as
claimed 1n claim 1 or a physiologically acceptable salt

thereof and a physiologically acceptable excipient.
S » % * %
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